Hypersensitivity to fleas was induced in flea-naive dogs by controlled challenge exposure to virgin fleas. By week 10 of the investigation, immediate (15 minute) and delayed (24-48 hours) responses could be elicited in the skin by flea bites. Histologically, the immediate response consisted of edema and eosinophils which sometimes overlapped with a delayed inflammatory response comprised of perivascular lymphocytes and fewer histiocytes. These inflammatory patterns correlated with type I or immediate, and type IV or cellular, allergic reactions. The combined immediate and delayed responses to fleas in the dog are as observed by other investigators in man and guinea pigs.
The gross and microscopic sequence of cutaneous response to the bite of fleas has been investigated in man, rabbits, and guinea pig^.^.^.'.'. I4 Immediate and delayed inflammatory reactions have been well-documented in the guinea pig and in Whole flea extract has been used in the clinical diagnosis of canine flea bite hypersensitivity,2.3. '. 16. and histology of skin test sites has been in~estigated.~. I l 6 No controlled morphologic studies of the cutaneous response to flea bites have been done in the dog.
Histology of immune-mediated disease is valuable in the understanding of the immunopathogenesis. In order to document the development of cutaneous flea bite hypersensitivity in the dog, histology of the flea bite reaction was investigated in a sequential fashion in dogs made allergic, experimentally, to fleas. The results indicate that in the dog both an immediate and delayedtype allergic response are operant in cutaneous allergy to fleas. dogs.'. 11-13.15. 16
Materials and Methods
Twenty-eight flea-naive dogs were obtained, 16 mixed breed from an animal shelter in Cheyenne, Wyoming-an area generally believed to be free of fleas-and 12 beagles from Marshall Laboratories, Inc. (North Rose, NY) in which no flea infestation has been documented. All dogs showed no response to intradermal injection of 1 /20 cc of 1 : 1,000 weight to volume extract of flea allergen (Greer Laboratories, Lenoir, NC) at the beginning of the study. All dogs were maintained in a flea-free laboratory environment.
Virgin fleas, Ctenocephalides felis, were obtained (S.R.I.
International, Menlo Park, CA). After clipping the hair from the lateral abdomen, dogs were exposed for 15 minutes once or three times weekly to 25 fleas held in a 2.5 X 3-cm plastic chamber which was encased in nylon gauze. Fleas were killed with ether and discarded after one exposure to dogs. Because the dogs were maintained in a flea-free environment, no exposure to fleas occurred except for that called for in the experimental design. Of the dogs so challenged, all developed positive skin tests to flea antigen of either immediate or delayed type, or both, by ten weeks. There was no apparent difference between the dogs exposed once or three times a week. An immediate response was defined as a wheal which appeared at the cutaneous challenge site by 15 minutes. A delayed reaction was defined as the presence of a small erythematous papule, peaking in size at 24 hours and waning by 48 hours. In some instances the immediate and delayed reactions merged imperceptibly. Five dogs which demonstrated strong reactions at both 15 minutes and 24 hours were selected for histologic studies. These dogs were biopsied after natural exposure to fleas and intradermal skin testing with flea allergen at a separate site.
Biopsies were done under local subcutaneous analgesia using a 4-mm biopsy punch. Skin sites selected for experimental challenge were clinically free of inflammation. Both natural exposure sites and intradermal skin test sites were biopsied after 15 minutes, two, four, 24, and 48 hours. A control site injected with 1/20 ml of diluent (phosphate buffered saline with 0.04% phenol) also was biopsied. Tissue was fixed in 10% neutral buffered formalin and embedded in parafin. Four micrometer sections were cut and stained with hematoxylin and eosin (HE). Histology of each biopsy specimen was interpreted using a grading system (+, ++, or +++) to indicate degree of cellular infiltration (mild, moderate, or severe) for each cell type observed, i.e., eosinophils, neutrophils, mononuclear cells, and mast cells. The degree of edema present was similarly graded for each skin biopsy.
Results
At 15 minutes a clearly demarcated, erythematous wheal (immediate response) was visible. In the case of flea bites, this ranged in size from 3 mm to 1 cm. This reaction persisted over the next two to four hours, gradually faded by 12 hours, and was replaced by, or merged with a smaller, firmer, erythematous papule surrounded by a zone of edema. The delayed reactions peaked at 24 hours, were usually less evident at 48 hours, and rarely recognizable at 72 hours. Intradermal sites of allergen injection developed the same sequential gross lesions but the early wheals ranged in size from 3 mm to 8 mm greater than control sites. Control sites were characterized by small (2-4 mm) skin blebs which dissipated by two hours.
Histology of natural challenge to flea bites is summarized in table I. In all dogs, the initially observed wheal was characterized histologically by superficial, perivascular, eosinophilic infiltrates and edema ( fig. 1 ). A milder, similar infiltrate extended interstitially to the mid-dermis. Collagen fibers were separated by clear spaces-suggesting the presence of edema. Edema was variable both in amount and level of extension in the dermis. The early inflammation tended to peak in severity at two or four hours, although one dog still demonstrated a predominantly eosinophilic dermal infiltrate at 24 hours.
Beginning at 24 hours in most dogs, a mononuclear cell infiltrate composed of lymphocytes mixed with fewer histiocytes was observed in conjunction with the continued presence of eosinophils. In two dogs mononuclear cell inflammation was mild at four hours. The inflammation centered around vessels and to a lesser extent along follicles to the level of the mid dermis ( fig.  2 ). Mild or moderate superficial dermal edema was evident. Eosinophils and edema waned by 48 hours while mononuclear cells persisted.
Mast cells were present in small or moderate numbers around vessels in a majority of dogs at all stages of the response, except at 15 minutes. One dog had prominent mast cell infiltrates at four hours after flea bite challenge.
Histology of sites of intradermal allergen injection showed similar changes to sites of natural exposure to fleas. In the immediate response, edema was more severe and extended to deeper levels of the dermis than seen in sites of natural flea exposure. An additional striking feature was the localization of the most intense cellular infiltrate to the level of the mid-dermis.
Control sites had mild edema and few perivascular neutrophils at 15 minutes, two, and four hours. Mast cells were occasionally noted in small numbers around vessels in four of five dogs. 
Discussion
This study revealed sequential allergic responses to both flea bites and intradermal challenge with flea allergen. Although immediate responses have been described, previous studies in the dog have generally not reported a delayed reaction when intradermal testing with flea allergen was done.'.".'6 In one report, skin reactions persisted to 24 hours in a few dogs tested, but these reactions were characterized histologically by only eosinophils. ' ' In another report, skin reactions persisted to 24 hours in dogs which had been tested intradermally with flea antigen, but no histology was done. 2 The presence of both an immediate and delayed cutaneous response to flea bites has also been described for guinea pigs and
The development of hypersensitivity in flea-naive guinea pigs under continued exposure to flea bites was characterized by sequential stages: induction (no response); delayed reaction only; immediate and delayed reaction; immediate reaction only; and the stage of n~nreactivity.~.'.'~ In the early sensitization period of dogs of this study (prior to ten weeks), no consistent pattern in the development of hypersensitivity to flea bites was observed. Some dogs had immediate reactions for a period of time prior to the emergence of a delayed response, or vice versa, while in other dogs the immediate and delayed responses appeared together. Not all dogs developed the same sequential pattern of cutaneous response and thus various degrees of contribution by the different immune mechanisms may be responsible.
The histomorphology of the early response is characteristic of an immediate allergic reaction (type I) in which reaginic antibody reacts with sensitized mast cells to elicit an inflammatory response that is predominantly eosinophilic. Hemagglutinating antibodies have been discovered in association with the immediate response to flea bites in guinea pigs.' All dogs in this study had significant levels of immunoglobulin E antibodies as assayed by radioallergosorbent test. In brief, flea antigen was partially purified by column chromatography and was absorbed onto polystyrene wells.
Serum was added and the levels of anti-flea immunoglobulin E antibodies were assessed by addition of '251coupled, purified anti-canine immunoglobulin E. The levels of radioactivity (counts per minute) of sera assayed from dogs made sensitive to fleas was 1.5 to ten times greater than levels of radioactivity of sera assayed prior to sensitization.]' The delayed reaction may represent, in part, a cell-mediated allergic response (type IV) characterized by an influx of T-cells which have been sensitized to allergen presented in lymph nodes by cells of the mononuclear phagocyte series. Eosinophils persisted in the early stage of the late response, which may indicate overlap of immunologic mechanisms, and perhaps the involvement of a late-onset immunoglobulin E-mediated response in conjunction with the classic immediate hypersensitivity reaction. Alternatively, cutaneous basophil hypersensitivity may be involved. In cutaneous basophil hypersensitivity, described in guinea pigs and man, basophils are recruited into a delayed allergic cutaneous response by sensitized lymphocytes.6 In contrast to classic delayed hypersensitivity, cutaneous basophil hypersensitivity may reach maximum intensity earlier than 48 hours. In dogs of this study, the most intense cellular infiltrate of the delayed response was seen at 24 hours, which is more compatible with what has been described for cutaneous basophil hypersensitivity. ' The role of the basophil in the delayed response to flea bites in the dog is currently under investigation.
Recognition of an immediate and delayed component of the allergic response to fleas, as concluded in this study, has important application to immunotherapy and prevention of the disease in dogs. Understanding how immunologic parameters reflect clinical hypersensitivity states and how they relate to the severity of the disease present in a given animal is an important area for further investigation.
